Methodology-Past and Present
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formerly Department of Biochemistry, Royal Infirmary, Manchester In the eighteen fifties two books were published, one in Germany with the title A Treatise on the Qualitative and Quantitative Analysis of the Urine, the fourth edition of which was translated into English and published here in 1862. One of its aims was said by the author to be of usc to the practising physician. The book consisted of two parts, practical and interpretative. It reached a seventh edition by 1879. The other, A Treatise on the Pathology of the Urine, including a Complete Guide to Its Analysis by Thudichum, who worked for a time in S1.Thomas's Hospital Medical School, was published in Britain in 1858.
These are mentioned to show that about 120 years ago there was a methodology to consider, and that urine was the body fluid mainly studied. This remained so until about 1910. Several books on clinical diagnosis or physiological chemistry were available in the early nineteen hundreds which show that blood still occupied a very minor place in investigation of disease.
Qualitative tests at the beginning of the period included the boiling of urine for albumin, the heating for Bence Jones protein, Fehling's for sugar, and the nitric acid for bilirubin. By the end, all the reducing substances in urine now familiar to us were known and so were the tests used to detect them as well as the common routine tests still in use for ketone bodies, bilirubin, urobilin, and urobilinogen. All the protein precipitants familiar to us had been introduced.
Quantitative techniques were those of traditional gravimetric and volumetric analysis. Thus protein was weighed after being coagulated, washed, and dried; uric acid after crystallisation from concentrated urine; creatinine as creatinine zinc chloride; calcium as sulphate after precipitation as oxalate which was calcined and treated with sulphuric acid; magnesium as pyrophosphate formed by heating ammonium magnesium phosphate which had been precipitated after removing calcium. Volumetric techniques were used for sugar by titrating Fehling's solution until the blue colour disappeared. Both urea and chloride were estimated by titration with mercuric nitrate using appropriate indicators, techniques long forgotten and replaced, during this period, by the Volhard method for chloride. A gasometric method using hypobromite for urea came into use about this time, while uric acid was determined by titration of precipitated ammonium urate with permanganate. It is interesting to note that ammonia in urine was determined by a diffusion method similar to that using the Conway unit, but carried out under a bell jar. Several of these gave values acceptable to us: uric acid 0.3-0.9 g, creatinine about 1 g, chloride 10 g, and ammonia 0.7 g-all per day.
Considerable attention was given to urinary calculi. All the constituents familiar to us were known-eystine had been isolated from these in 1810 and xanthine in 1819. The latter received its name because it gave a yellow colour with the murexide test, a distinguishing feature from uric acid. A scheme for the analysis of these stones was published about 1860, which is essentially that still given in Hawk's Physiological Chemistry.
That blood was not much studied was due to two reasons. Firstly, venepuncture as we know it had not been introduced. Blood was obtained by 'cupping', in which some lighted material was dropped into a hollow cup and the greased open end put firmly onto fresh scarified skin. The suction created in the cup by the oxygen used up in the burning drew blood through breaks in the skin. Secondly, the techniques used for urine were not easy to apply to blood. Sugar, urea, and uric acid were extracted from rather large volumes of blood, and these used to titrate Fehling's solution for sugar; the urea was converted to nitrate and weighed; and the uric acid crystallised and weighed. Cholesterol was also crystallised from icteric blood. While an increase in these was shown to be present in certain diseases-for example, of uric acid in gout by Garrod in 1850--there was uncertainty about their presence in normal blood.
The main advance during this period concerning blood was due to the use of the spectroscope, a simple pocket version of which was available. The spectra of haemoglobin and other blood pigments derived from it were known, and also the action of reducing agents, oxidising agents, and of alkalies and cyanides on these substances. The haemoglobin content of blood was determined by diluting and comparing with an artificial standard (Gower's method) or with a carboxyhaemoglobin standard (Haldane's method), techniques used for several decades.
In Finally, about 1910 venepuncture as we know it came into use, so that specimens of blood could easily be obtained.
As a result, between 1912 and 1922 the following methods were published: the phosphotungstate for uric acid (1912); Van den Bergh's method for bilirubin using Ehrlich's diazo-reagent after precipitating proteins with alcohol (1913); the alkaline picrate for creatinine and creatine (1914); a biuret method for protein (1915) followed by a phenol reagent method using a precursor of the Folin and Ciocalteu reagent (1917); cholesterol using the Liebermann-Burchard reagent (1918); Folin's system of blood analysis which included urea using ureasenesslerisation, non-protein nitrogen by Kjeldahlnesslerisation, sugar using the Folin-Wu phosphomolybdate method, uric acid and creatinine and creatine by the methods referred to above, all carried out on the Folin-Wu protein-free filtrate after tungstic acid precipitation (1919) (1920) ; amylase by the Folin-Wu sugar method before and after digestion of starch (1920); inorganic phosphate by reaction with molybdate and reduction to phosphomolybdate (1920); amino acids by reaction with ,a-naphthoquinone sulphonate (1922) .
As Myers pointed out, colorimetric techniques made possible determinations otherwise impossible and they were more sensitive and accurate. In fact gravimetric methods soon disappeared, and almost all volumetric ones except those ending with a thiosulphate-iodine titration with starch as indicator. This latter proved to have a wide range of applications and was able to hold its own with the visual colorimeter.
There was a further development worthy of mention, the introduction of micro-methods. In 1913 Bang in Sweden placed two or three drops of blood on filter paper, weighed this and determined the sugar using an alkaline copper reagent, estimating the cuprous copper formed by titrating with Njl00 iodine. Further micro-methods quickly followedfive for sugar by 1922. Interestingly three of these were volumetric, all ending with a thiosulphate titration, two using an alkaline copper reagent and one an alkaline ferricyanide, all of which were to be much used during the next 30 to 40 years. Only two were colorimetric, one an alkaline picramate, which quickly fell into disuse, the other the well known Folin-Wu-probably the most widely used of all.
It is curious to note why these micro-methods came just then, well before the introduction of insulin in the early twenties, when frequent blood sugars were needed. Finger blood had been taken for 20 years and volumetric methods could have been developed. One possible explanation is that just before Bang's method was published several workers had been taking blood before and at intervals after giving glucose and determined the blood sugar using a rather cumbersome alkaline copper method. Bang's method was immediately used for this purpose which may have provided the stimulus. The glucose tolerance test, an example of a widely used principle, dates from this time.
There were several other developments during this period which are briefly mentioned below. Outstanding was the work of Van Slyke and his collaborators on acid base regulation. His volumetric apparatus for alkali reserve came in 1917 and the manometric in 1924. There was also much basic work on energy requirements. Both the open circuit method using the Douglas bag and the Haldane gas analysis apparatus, and the closed circuit BenedictRoth instrument for basal metabolic rate determination were developed, the latter being widely used for as long as the B.M.R. was the main test used in thyroid disease. There was also Bloor's work on the determination on lipid components of blood, while volumetric and colorimetric techniques using the direct precipitation of sodium, potassium, and calcium from serum were worked out.
It is clear this was an outstanding period which provided the methodology used in the biochemistry laboratories set up following the introduction of insulin therapy in the early nineteen twenties. The rest of the inter-war years saw a good deal of improvement of these techniques accompanied by a gradual widening of the range of determinations as the basic biochemistry and physiology developed, though without any important change in the fundamental methodology. Harrison's book Chemical Methods in Clinical Medicine first published in 1930 and followed by a second edition in 1937 enables us to see the state of this subject just before the outbreak of the second world war.
The visual colorimeter had its limitations so that as long as it was used some volumetric methods held their place. However, the introduction of photoelectric instruments in the forties gave a further impetus to the use of colorimetric techniques further stimulated by the instrumental developments which followed, so that the burette almost disappeared from our laboratories.
The most recent changes have mainly been instrumental. In recent years there has been the mechanisation of all stages of colorimetric determinations from the measuring and mixing of the reagents to the recording of the colorimeter readings, print-out of results, and feeding of these to a computer. At the present time colorimetric techniques using this elaborate instrumentation in multiple analysers is the main methodology, and with the development of new reactions for determining known and newly discovered substances, will continue to be so.
Also connected with developments in instrumentation during the last 20 to 30 years we have seen a further change in methodology-namely, the introduction of physical methods which do not require a chemical reaction. Outstanding examples are the emission flame photometer for the determination of 163 sodium and potassium, and the atomic absorption flame photometer for several other metals. The many chromatographic and electrophoretic procedures now in use are also basically physical, chemistry only being directly involved when some preliminary procedure is required, such as esterification to give compounds more suitable for application in gas chromatography, or visualisation by staining to show where the individual compounds are.
In 1967 the A.C.B. held a symposium entitled 'Newer Physical Methods' at which papers were read on combined gas chromatography and mass spectrometry applied to biological materials; neutron activation analysis; electron spin resonance analysis; and electron probe microanalysis. It would not appear that these esoteric-sounding techniques have as yet made any appreciable impact. Whether they may yet do so is left for those who are to look into the future of instrumentation.
